Thank you again for submitting your work to Molecular Systems Biology. We have now heard back from the three referees whom we asked to evaluate your manuscript. As you will see from the reports below, the referees raise substantial concerns on your work, which, I am afraid to say, preclude its publication.
The reviewers recognized that this work represents a significant experimental effort, and touches on some interesting topics. Nonetheless, they had clear concerns regarding the clarity, conclusiveness, and reproducibility of the results presented in this work. The issues they raised remain somewhat diverse, but the most important seems to be clear concerns by the first two reviewers regarding the reproducibility of these results, given the sparse crossing design. In addition, there were more specific, but equally important, issues regarding the heritability estimates and the evolutionary interpretation of these results.
While the Editors were discussing the issues raised by these reviewers, particularly reviewer #2's concern regarding the stability of the environmental covariance matrix, an additional, potentially fundamental, concern arose regarding the contribution of experimental measurement error to the environmental covariance matrix. I have explained our concern in detail at this end of this email.
Given these fundamental concerns, and since two reviewers clearly indicated that they could not support publication of this work, we feel we have no choice but to return this work with the message that we cannot offer to publish it.
Nevertheless, the editor and the reviewers expressed interest in the subject matter and your approach, and as such we may be willing to reconsider a substantially revised version of this work. In particular, the editor recognizes that the issues of reproducibility may, at least in part, be addressable with additional clarification of the underlying Bayesian methods. Nonetheless, we feel that fundamental concerns do remain, some of which we feel would likely require additional experimentation and analysis. As such, we would understand if you decided to submit this work, instead, to another journal. If you do decide to prepare a revised manuscript, I would like to emphasize the comments by reviewer #2 that this work would require a substantial rewrite, both to describe the methods in more rigor and detail, and to make it more accessible and understandable to the broad readership at Molecular Systems Biology.
Any new submission would have a new number and receipt date, and we can give no guarantee about its eventual acceptability. However, if you do decide to follow this course then it would be helpful to enclose with your re-submission an account of how the work has been altered in response to the points raised in the present review.
I am sorry that the review of your work did not result in a more favorable outcome on this occasion, but I hope that you will not be discouraged from sending your work Molecular Systems Biology in the future.
Thank you for the opportunity to examine this work. This manuscript reports a quantitative genetic analysis of variation in the activity of 19 enzymes and five physiological traits (weight, total amount of triglycerides, glycogen, total protein and mitochondrial protein) among 92 lines derived from five populations of D. melanogaster sampled from a wide geographical range. These measurements were taken on males and females of the 92 inbred lines, as well as 92 round robin crosses among the lines within each population, and 92 crosses comprising a sparse diallel between crosses from different populations. This is a highly nontraditional design, and the authors use a non-traditional Bayesian analysis of the data to report estimates of traditional parameters such as heritability and genetic and environmental correlations, to make inferences of network stability and variance between and within populations, and across sexes. The data represent an enormous amount of work and appear to have been carefully analyzed. However, it is impossible to relate the Bayesian analysis to the more conventional frequentist, linear model approach taken in typical quantitative genetic studies, and therefore impossible to evaluate whether the conclusions are robust or even correct. A few of many concerns are outlined below.
With 92 lines and five population, there are on average ~18 lines per population -far too few to estimate any but the highest correlations with any precision. The fact that there are more genotypes than lines because they are crossed within and between populations helps somewhat, but then one must distinguish correlations arising from inbred lines and those arising from the two sorts of crosses (within and between populations), which are nowhere described in the paper. At the very least one requires an analysis for each trait indicating whether or not there are indeed statistical differences between the populations. A frequentist would have a nested ANOVA with genotype nested within population, with sex as a cross-classified effect. What are the effects of population, genotype, sex, and the interactions of sex and population, sex and genotype? If genotype is significant, then one can consider splitting this into GCA and SCA effects.
No mention is made of any corrections for multiple tests.
What does heritability mean in this context? There is a broad sense heritability from the variance among inbred lines, within populations. There is also a variance among crosses of inbred lines within a population, but a round robin design is not sufficient for estimating GCA and SCA. Further, one must discriminate between GCA and SCA within and between populations -although the interpretation of the latter is strange. Only one GCA and SCA CV is given for each trait.
Genetic correlations also have a hierarchical structure: inbred lines, round robin crosses, crosses between populations, yet only a single genetic correlation is given in the Supplementary Tables. How are these used to compare correlation matrices across populations?
Environmental correlations are derived from three blocks -there is no power to estimate a correlation based on three data points. The same concerns about the hierarchical structure noted above for genetic correlations also apply to environmental correlations. Typically environmental variance is increased in inbred relative to outbred lines -yet no indications of differences between inbred, F1 (within populations) and F1 (between populations) is given.
The authors refer to 'breeding value' as the deviation of individual genotypes from population means. This is not at all true -breeding value only has reference to individuals (these are pools of individuals) and a randomly mating population, not mixtures of replicated genotypes.
The authors compare genetic and environmental correlations between populations. It is not clear how the crosses between populations were handled in these analyses, nor how inbred and F1 genotypes were combined in single measures of genetic and environmental correlations. Further, given the high standard errors of the estimates (and they must be high, given the sample size per population) there is very little power to determine whether networks derived from the populations are different, so not at all surprising to conclude they are the same.
Do the estimates of sex by genotype interaction and their P-values in a hierarchical analysis give similar results to the reported analyses?
Thus, while the reported analyses may well be superior to traditional ways of handling these data, the lack of detail about how the different hierarchies of genetic relationships in the experiemtnal design and low power for estimating the parameters of interest mitigate enthusiasm for the study, despite the huge amount of effort that went into ammassing this data set.
Reviewer #2 (Remarks to the Author):
The paper describes an interesting, large-scale experiment that aims to shed light on the interaction between different metabolic factors in drosophila, and how these interactions are affected by genetic and enviromental factors in the population. At a high level, the authors measure 9 metabolic enzymes and 5 physiological variables. They compute two distinct correlation matrices over these factors: the genetic matrix, which aims to identify correlations when we vary genetic background of the individuals, and the environmental matrix, which aims to correct for genetic background and compute correlations that arise from variation of environmental factors (temperature, food, etc.). The paper uses an elaborate Bayesian model, utlizing MCMC methods to generate a posterior distribution over both matrices. While the paper is interesting, and has much to recommend it, I found several significant problems that must be addressed prior to publication.
Issues of correctness
One key issue is the reproducibility of the results. As mentioned, although we are told that the experiment contained 92 lines, the paper does not seem to specify the exact number of crosses, blocks, or replicates, which leaves doubt as to whether there is enough statistical power to estimate 24 x 24 correlation matrices. In this regard, one of the paper's main findings is that the environmental correlation matrix is entirely unrelated to the genetic correlation matrix. One possible explanation is that the environmental correlation matrix is simply unstable, and different environmental matrices might be different from each other as well. Such instability might arise because of insufficient sample size, among other reasons. A useful control to apply in this setting is to split the data, and measure whether the environmental matrix is fairly reproducible along different subsets. One could try leaving out some fraction of the lines, or perhaps some fraction of the crosses. A similar analysis would also be useful for the genetic matrix, and would give confidence that the phenomena that we see are not highly specific to the particular data used in the paper.
A few other technical points are also significant and should be addressed:
(1) The environmental correlation matrix is computed by subtracting a trait's block mean from the cross mean. That assumes that the genetic effect and environmental effect are additive? If so, is that assumption warranted? (2) The paper correctly raises the issue of the strong negative correlation between enzyme levels and weight, due to the normalization procedure used. However, if we have two quantities that are strongly correlated with a third, they are often also correlated between themselves. How many of the correlations that we see between different enzyme levels can be explained by the correlation via weight (e.g., if we condition on weight). Along those lines, might it not be valuable to consider the inverse covariance matrix instead, since that largely corrects for indirect correlations? (3) I was puzzled by the permutation test used in the correlation matrix analysis. Is it really the case (p. 31) that the data was re-permuted at each step of the Markov chain? Could that not have the effect of reducing the significance in the permuted runs much more than a single permutation of the data followed by a standard MCMC run? What is the logic behind this regime? (4) I am similarly unclear on the reasoning behind the methodology used to compute the random expectation for the number of correlation sign identities (p. 32).
Issues of presentation
Overall, I found the technical presentation in the paper to be hand-wavy and hard to follow, to the point that my confidence about the conclusions is quite low. Although the paper relies on a fair amount of heavy mathematical machinery, the presentation was very abstract, providing not a single rigorous formula for how the different quantities were computed. In particular, I'm still not entirely sure precisely how the data for the genetic matrix or for the environmental matrix was derived from the raw measurements (what was subtracted from what, what was averaged out). I am also not sure how many data points were then available in the computation. It's possible that if I went back to the authors' previous paper on this topic, I'd be able to figure this out, but one would hope that such key details would be included in the manuscript. In an unusual juxtaposition, the paper provided elaborate details on the specific R functions that were used in the analysis, but without telling us how these functions were actually applied to the data. One striking example is on page 30, where the paper tells us that the "plot()" function was used to visualize the Markov chains and to determine their convergence, but doesn't tell us what criteria were used on the sequence to determine that convergence has occurred. There are many other examples (e.g., the discussion of how female enzyme levels were extrapolated to account for eggs). Prior to publication, this paper needs to be rewritten to contain a much more rigorous and reproducible presentation of the different computations performed, using standard mathematical notation.
Another issue is that the paper uses some fairly specific technical terminology from genetics, which may not be familiar to the broader audience of MSB. It would be nice to reduce the use of technical jargon, and/or to briefly define the terms in the text. I give some specific examples below, but there are many others in the text.
I also found the discussion to be hard to read and containing a number of statements that are either unclear or unsupported by the data. I list some specific sentences in the detailed comments below.
Finally, I would strongly urge the authors to provide more intuitive visualizations of their results; in particular, I found the bar graphs in Figures 3 and 5 to be fairly uncompelling. Perhaps a matrix view with a colored heat map indicating the correlation level might be more interpretable?
Local comments p. 7 -"coefficients of variation in general combining ability" is not a term I was familiar with p. 17 -"Weight thus appears to be buffered against changes in enzyme activities" -My interpetation of buffering doesn't quite cover this case, which seems better viewed as a complex trait, to which individual factors (such as enzyme levels) contribute only a small amount. p. 18 -"This high coordination of enzyme activities may contribute to the exceptional conservation of enzyme coding sequences" -How is this statement supported by the results of the paper? p. 18 -"Our results suggest that scoring correlations above some threshold ... missing some, perhaps even most, real relationships." -How was this shown in the paper? p. 18, last paragraph -I didn't understand this discussion of selection and how it might be viewed as supported by the results in the paper. p 30, line 11 -"62,500 iterations of followed" -seems to be a word missing there p. 31, line 4 -"if the" -> "of the" p. 31, paragraph 2 -I didn't find this analysis of synthetic data derived from independent normal distributions to be valuable, and suggest that it should be cut. p. 32 -absense -> absence This manuscript gives a very resourceful analysis of an underpowered quantitative genetic study. The result is a good conventional analysis of variance-covariance structure for these data. As such, I think this manuscript should be published. The thorough explanation of the approach is particularly valuable, as the authors are thinking beyond the normal techniques, and explain this well. Some of the analyses are completely realized, such as the quantification of presentness of correlations. Here the authors resort to a clever randomization to get a useful null for these data. However, there are many analyses here where the authors do not take the same care. For example, the Mantel-type tests for matrix similarity do not have any baseline null expectation tailored for them. The cross-sex correlation analysis is really hard to interpret for the same reason. If the two sexes had the same correlation structure, what would we really expect after these experiments? This is not clear. It is not clear that Mantel tests actually tell us anything useful. A very good alternative to Mantel tests are those based on evolutionary reasoning, such as random skewers or the methods in Hansen and Houle 2008, since the matrices are only useful in the context of evolutionary theory, it is natural to ask about the differences and similarities in the currency of evolution, although correlation matrices are (as discussed below) really what you want to do this with. Heritability is defined as the proportion of the individual variance that is additive genetic, and unless I missed something, the results presented are never corrected back to the level of individual variances, but are always based on the five fly samples. This is fine for estimation, but the 'heritability' of groups of five flies is meaningless. Flies are not subject to natural selection in groups of five. It is very unfortunate that the authors do not actually provide any scale information from means or variances in trait units. A heritability or a correlation without such information is useless in an evolutionary context. Contrary to the statement on pg. 6-7 heritability does NOT tell you the "potential of a character to respond to selection." It actually tells you the proportion of the covariance of a trait with fitness that would be converted into a response to selection. Without knowing something about the variance, and therefore the potential covariance heritability is not helpful. Similarly, correlation matrices appear nowhere in evolutionary theory -the G matrix is the thing that allows you to make evolutionary prediction from the Lande equation. I understand the authors feel the data set does not really support the extra burden of estimation of a covariance matrix, and I am not insisting that they present a G matrix. I do think they should be careful not to overstate the relevance of their results for evolution. A heritability-correlation estimate does NOT allow any evolutionary predictions at all, so don't imply that it does.
Reviewer #4 (Editor's Remarks, ALH):
The authors perform a detailed Bayesian analysis of genetic and environmentally-induced variation in enzyme activity uncovered by a series of Drosophila crosses across 92 inbred lines from 5 different populations. In my eyes, the most important insight arising from this work is the observation that the genetic and environmental correlation matrices are distinct. Indeed, the authors write:
"We were intrigued to find that genetic and environmental perturbations induce different sets of correlations among physiological parameters. These results suggest that system-wide end-point effects of genetic and environmental changes will be different, even if their primary targets are the same." I find this to be a surprising claim, that, if true, could have broad relevance. Nonetheless, I have some clear issues regarding the nature of the environmental variation assayed in this work. It seems to me that the estimates of environmental variation provided here include both variation induced by environmental perturbations (food quality, temperature, etc.), as well as measurement error that arises from the methodology used to assay the enzyme activities. It seems very likely that the measurement errors across the enzymes are likely have to have correlations for a variety of cryptic reasons (pipetting, extraction quality, etc.). This seems fairly troubling, since it is possible that the resulting environmental covariance matrix could be affected, or even largely determined, by experimental rather than biological factors. Indeed, this could *possibly* explain why the environmental matrix is, in fact, more stable across populations than the genetic matrix.
Indeed, the authors allude to the potential effects of measurement error in their previous work (Greenberg et al. 2010) , and note in this manuscript that mitochondrial enzyme activity assays had relatively higher CVR due to extraction issues, overall suggesting that these issues are not trivial. I feel that it would be necessary to rigorously demonstrate that the environmental covariance matrix represents biological and not methodological correlations. It seems that this could be addressed experimentally. Technical replicates could potentially be used to directly estimate methodologicallyinduced correlations. More importantly perhaps, it should be possible to test whether these same environmentally-induced correlations reproducibly emerge have controlled environmental perturbations (rearing flies at different temperatures, or on different food sources, etc.).
New Submission 25 July 2011
Enclosed please find a revised version of our manuscript previously titled "Quantitative-genetic analysis of the energy metabolism regulatory network in Drosophila" (new title: "Environmental and genetic perturbations reveal different networks of metabolic regulation"). We would like to thank you and the reviewers for helpful and extensive com-ments. Based on these, we comprehensively revised our manuscript. We believe that we have addressed all the issues raised and our paper is much stronger as a result. We address the questions point by point below. We describe the model fully in a new supplement (Supplemental Text 1). Briefly, the very purpose of a Bayesian hierarchical model is to pool data across groups and levels to improve precision of parameter estimation. The extent of pooling is determined by the data. We explicitly model the effects of cross type, although we do not have space in this report to describe this aspect of the analysis in any detail. We plan to discuss this in a separate publication. We performed all parameter estimation in each sex separately and therefore do not model interaction with sex explicitly. We construct distributions of sex ef-fects based on samples from the separately constructed distributions of param-eters (e.g., line means). Likewise, we assessed genotype by sex interactions by calculating across-sex correlations (Fig. 5B) .
Line means are calculated after conditioning on population means, as can be seen in the new supplement describing the model. Significance tests are foreign to Bayesian approaches. We simply integrate over uncertainty in all other pa-rameters when estimating the distribution of, say, GCA effects. We discuss all these issues in detail in our previous publication (Greenberg et al., 2010 We estimate narrow-sense heritability as described at the end of the "Hierarchical Model" section in Materials and Methods (page 32). We assume the same effects across all populations because we have no power to detect differences in this parameter across populations. This is why only one value for GCA and SCA is given for each enzyme. Cross types and deviations of cross means from mid-parent means are explic-itly modeled (see the new model supplement and our previous publication). Population-specific correlation matrices were estimated after primary model esti-mation. We detail the procedure at the end of the "Correlation matrix analyses" section of Materials and Methods (page 35).
Environmental correlations are derived from three blocks -there is no power to estimate a correlation based on three data points. The same concerns about the hierarchical structure noted above for genetic correlations also apply to environmental correlations. Typically environmental variance is increased in inbred relative to outbred lines -yet no indications of differences between inbred, F1 (within populations) and F1 (between populations) is given.
Rather than estimate environmental correlations from each three-point block separately, we assumed the same covariance matrix for each cross type. The reviewer is absolutely correct that inbreeding can have an effect on variability and corre-lations among variables. We took that into account by modeling environmental matrices separately within each cross type. We did mention this in Materials and Methods (end of first paragraph on page 31), but now also make this explicit in our model description.
The authors refer to 'breeding value' as the deviation of individual genotypes from population means. This is not at all true -breeding value only has reference to individuals (these are pools of individuals) and a randomly mating population, not mixtures of replicated genotypes.
The reviewer is correct. However, the inbred line samples from populations can be viewed approximately as individuals, and therefore it does make some sense to assign them a breeding value. Regardless, we dropped all mention of this concept from the manuscript since it is not important to the main issues we discuss. We used estimated population means that include all crosses, corrected by effects of cross type. We used environmental effects only from within-population F1s, to avoid issues of inbreeding and between-population crossing. By permuting data and calculating "null" distributions of correlations we ensured that there were indeed many correlations clearly present in the matrices estimated from the real data. This is detailed in the "Matrix comparison" section of Materials and Methods
Do the estimates of sex by genotype interaction and their P-values in a hierarchical analysis give similar results to the reported analyses?
We addressed sex by genotype interactions above. Since we previously established superiority of our modeling approach to existing maximum likelihood methods for our type of data, we did not attempt to use the latter models on the present data set.
Thus, while the reported analyses may well be superior to traditional ways of handling these data, the lack of detail about how the different hierarchies of genetic relationships in the experiemtnal design and low power for estimating the parameters of interest mitigate enthusiasm for the study, despite the huge amount of effort that went into ammassing this data set.
We hope that by including more details of model construction, a simulation study that demonstrates that we indeed have the power to distinguish environmental and genetic correlations, and directly answering this reviewer's questions we al-layed any doubts as to the validity of our approaches to experimental design and analysis.
Reviewer #2: Issues of correctness

One key issue is the reproducibility of the results. As mentioned, although we are told that the experiment contained 92 lines, the paper does not seem to specify the exact number of crosses, blocks, or replicates, which leaves doubt as to whether there is enough statistical power to estimate 24 x 24 correlation matrices. In this regard, one of the paper's main findings is that the environmental correlation matrix is entirely unrelated to the genetic correlation matrix. One possible explanation is that the environmental correlation matrix is simply unstable, and different environmental matrices might be different from each other as well. Such instability might arise because of insufficient sample size, among other reasons. A useful control to apply in this setting is to split the data, and measure whether the environmental matrix is fairly reproducible along different subsets. One could try leaving out some fraction of the lines, or perhaps some fraction of the crosses. A similar analysis would also be useful for the genetic matrix, and would give
confidence that the phenomena that we see are not highly specific to the particular data used in the paper.
The specific question of matrix stability was answered in the original submission by splitting the data for each population and re-calculating the matrices, exactly as the reviewer suggests. Since each separate matrix was substantially the same as the whole, we were reassured that deviant observations were not affecting the estimates. However, this method did not address the more serious issues raised by the editor. We address those below, in response to his comments. A few other technical points are also significant and should be addressed:
The environmental correlation matrix is computed by subtracting a trait's block mean from the cross mean. That assumes that the genetic effect and environmental effect are additive? If so, is that assumption warranted?
We modeled environmental covariances separately for each cross type, addressing the most obvious source of environmental by genetic interaction. The fact that separate population estimates of correlation matrices are similar suggests that assuming no interaction within each cross type does not introduce serious errors.
(2) The paper correctly raises the issue of the strong negative correlation between enzyme lev-els and weight, due to the normalization procedure used. However, if we have two quantities that are strongly correlated with a third, they are often also correlated between themselves. How many of the correlations that we see between different enzyme levels can be explained by the correlation via weight (e.g., if we condition on weight). Along those lines, might it not be valuable to consider the inverse covariance matrix instead, since that largely corrects for indirect correlations?
We addressed this important point by re-analyzing correlations that were con-ditioned on each variable's relationship with weight. See the manuscript for details, but our conclusions were not affected by spurious correlations induced by allometry.
(3) I was puzzled by the permutation test used in the correlation matrix analysis. Is it really the case (p. 31) that the data was re-permuted at each step of the Markov chain? Could that not have the effect of reducing the significance in the permuted runs much more than a single permutation of the data followed by a standard MCMC run? What is the logic behind this regime?
At each step of the Markov chain we permuted estimated values of relevant parameters (e.g., line means), rather the underlying raw data. Since these values were different at each step, we had to permute them each time. We were willing to be conservative in our estimation of parameters, since it was clear that we had ample power to detect correlations.
(4) I am similarly unclear on the reasoning behind the methodology used to compute the random expectation for the number of correlation sign identities (p. 32). It is not clear what part of the method the reviewer refers to. If it is our permu-tation of signed correlations deemed "present," the idea is to see what elements of two random vectors that contain a given number of 0, 1 and -1 elements would be identical simply by chance.
Issues of presentation Overall, I found the technical presentation in the paper to be hand-wavy and hard to follow, to the point that my confidence about the conclusions is quite low. Although the paper relies on a fair amount of heavy mathematical machinery, the presentation was very abstract, providing not a single rigorous formula for how the different quantities were computed. In particular, I'm still not entirely sure precisely how the data for the genetic matrix or for the environmental matrix was derived from the raw measurements (what was subtracted from what, what was averaged out).
We now included a full mathematical description of our model and the Gibbs sampling scheme. I am also not sure how many data points were then available in the computation. It's possible that if I went back to the authors' previous paper on this topic, I'd be able to figure this out, but one would hope that such key details would be included in the manuscript. We laid out all the numbers at the end of the first section of Materials and Meth-ods. We do feel that the readers interested in more discussion of computational issues can refer to our previous publication for these details. We hope that the additional information we now provide will be sufficient.
In 
Local comments p. 7 -"coefficients of variation in general combining ability" is not a term I was familiar with
We added a definition.
p. 17 -"Weight thus appears to be buffered against changes in enzyme activities" -My interpetation of buffering doesn't quite cover this case, which seems better viewed as a complex trait, to which individual factors (such as enzyme levels) contribute only a small amount.
We struck this statement from discussion.
p. 18 -"This high coordination of enzyme activities may contribute to the exceptional conservation of enzyme coding sequences" -How is this statement supported by the results of the paper?
We eliminated this statement.
p. 18 -"Our results suggest that scoring correlations above some threshold ... missing some, perhaps even most, real relationships." -How was this shown in the paper?
At the top of page 9, we show that scoring by 5% threshold results in many fewer "significant" correlations than if we use our probabilistic method.
p. 18, last paragraph -I didn't understand this discussion of selection and how it might be viewed as supported by the results in the paper.
We endeavored to clarify this.
p 30, line 11 -"62,500 iterations of followed" -seems to be a word missing there p. 31,line4-"ifthe"-"ofthe" p. 32 -absense -absence Fig. 5 caption -the reference to 1C and D should be 3C and D.
We fixed these errors.
p. 31, paragraph 2 -I didn't find this analysis of synthetic data derived from independent normal distributions to be valuable, and suggest that it should be cut. We wanted to know if the distribution of null p-values we were getting is due to some unusual aspect of our data set. Demonstrating that the same effect is observable even in a simple simulation of independent normal vectors suggests otherwise. From a Bayesian viewpoint, since we do not perform tests, we do not need a null expectation. We treated the Mantel-like element-wise correlation coefficient as a broad similarity measure, with the value equal to zero implying no relationship and 1 complete identity. We also discuss the expected distributions of this statis-tic for matrices drawn from the same distribution (see page 34). In practice, when we compare, say, the environmental and genetic matrix, the distribution of the element-wise correlation excludes zero and is in positive territory. We therefore conclude that there is some similarity between the matrices. However, we definitely agree that this cannot be the only metric for matrix comparison. This is why we also included element-by-element comparisons. We also took this reviewer's advice and implemented the random-skewers method (see below). The cross-sex correlation analysis is really hard to interpret for the same reason. If the two sexes had the same correlation structure, what would we really expect after these experi-ments? This is not clear.
If we understand this comment correctly, the reviewer refers to the comparison of correlation matrices between sexes. If that's the case, we had in mind the opposite question: "Are the correlation structures completely different in each sex?" Our results, using element-wise correlations among other methods, suggest that there are notable similarities. We discuss some of the implications further in answering the editor's comments below.
It is not clear that Mantel tests actually tell us anything useful. A very good alternative to Mantel tests are those based on evolutionary reasoning, such as random skewers or the methods in Hansen and Houle 2008, since the matrices are only useful in the context of evolutionary theory, it is natural to ask about the differences and similarities in the currency of evolution, although correlation matrices are (as discussed below) really what you want to do this with.
While we kept the Mantel-like test for reasons described above, we agree that a random skewer test provides interesting information. We implemented it in our analyses.
Heritability is defined as the proportion of the individual variance that is additive genetic, and unless I missed something, the results presented are never corrected back to the level of individual variances, but are always based on the five fly samples. This is fine for estimation, but the 'heritability' of groups of five flies is meaningless. Flies are not subject to natural selection in groups of five.
We agree with the reviewer and stated explicitly that we are likely over-estimating heritability. That's a feature of the data and it's not clear that modeling can correct this problem. However, this is a parameter often reported in the literature and we think readers will want to see it, even if in our case it's only an upper bound. We did not mean to imply that narrow-sense heritability is sufficient to determine 9 response to selection. We fixed the wording in that sentence. We also now report unscaled variances in a supplemental table.
Similarly, correlation matrices appear nowhere in evolutionary theory -the G matrix is the thing that allows you to make evolutionary prediction from the Lande equation. I understand the authors feel the data set does not really support the extra burden of estimation of a covariance matrix, and I am not insisting that they present a G matrix. I do think they should be careful not to overstate the relevance of their results for evolution. A heritability-correlation estimate does NOT allow any evolutionary predictions at all, so don't imply that it does.
We implemented the random skewers method and used it to compare both cor-relation and covariance matrices. See text for a full description. It appears that correlation and covariance matrices behave similarly under some circumstances. To us, the finding of differences between the environmental and genetic networks was also the most surprising and interesting result. As we mention in our answer to the comments from reviewer #2, splitting the data by population does not change the environmental matrix. This strongly suggests that unusual features, such as outliers, do not drive the pattern. However, we agree that the more trou-bling points raised by the editor have to be addressed if we are to be certain that the main result is not an artifact. To begin tackling these issues, we constructed 100 simulated data sets. We describe our analyses of the simulated data in detail in Supplemental Text 2. These data sets had the same structure and number of points as the real data from males, included the same measurement errors, and contained outlier observations. However, the "real" environmental and ad-ditive genetic correlation matrices were the same. We analyzed these simulated data using our model and checked (1) how well the estimated matrices match real values and (2) how similar the estimated environmental and genetic correla-tion matrices are. To our embarrassment, it turns out that the block correlation matrix (the one we used as the representative environmental matrix) is indeed estimated very imprecisely. This noisy estimation is what drives the apparent dissimilarity between it and the genetic matrix. It's unclear why this occurs, but some limited experimentation suggests that it's not due to outliers in the data. Although our results with the block matrix were artefactual, we see from simulated data that the replicate correlation matrix is estimated well. Furthermore, we have high power to detect similarity between this environmental matrix and the genetic correlation matrix (see Supplemental Text 2 for details). We therefore re-analyzed our real data, using the replicate correlation and covariance matrix as the one reflecting environmental perturbations. The details can be found in the text. Briefly, our major conclusions still hold. Although the environmental matrix has measurable similarities to the genetic matrix, there are important differences. The matrix is still similar across populations. Most importantly, the replicate matrix is very similar in males and females. Moreover, the sex dif-ferences in correlation sign involve the same enzyme in the environmental and genetic matrix. We estimated all parameters separately in the two sexes. Because of the large number of samples, males and females in a block were processed on different days. It's therefore unlikely that random experimental error would be correlated in the same way across sexes. Therefore, this is precisely the kind of experimental replication the editor suggests in his comment.
In summary, our analyses of simulated data suggest that we have power to detect similarities between the genetic and environmental matrices when these similar-ities are present. In our real data, we see reproducible results in males and females. We conclude that the differences we see between the environmental and genetic matrices are biologically significant and not the result of modeling or experimental artifact. Thank you again for submitting your work to Molecular Systems Biology, and for your patience during this review process. We have now heard back from the two referees who agreed to evaluate your revised manuscript. As you will see from the reports below, both referees find the study of potential interest and are broadly supportive. They have, however, some important concerns on your work, which, I am afraid to say, preclude its publication in its present form.
The most important issues are raised by reviewer #4 (who provided a fresh evaluation of this resubmitted work). This reviewer has important concerns regarding the robustness of key results, echoing to some degree the concerns raised by the second reviewer during the first round of review. This reviewer does, however, provide a series of constructive suggestions for additional statistical analyses that s/he feels may be sufficient to address his/her concerns.
Please note, in general Molecular Systems Biology only allows a single revision for submitted manuscripts. But given that the remaining concerns, while very important, appear addressable with additional statistical analyses and clarification, we would like to give you the opportunity to submit a final revision of this work. Any such revision should address the specific concerns raised by both reviewers, and should make a substantial effort to make this work more readable and accessible to a broad audience (as outlined by reviewer #4).
If you feel you can satisfactorily address these issues, you may wish to submit a revised version of your manuscript. Please attach a covering letter giving details of the way in which you have handled each of the points raised by the referees. If necessary, we reserve the right to send any revised manuscript again to some of the reviewers, and you probably understand that we can give you no guarantee at this stage that the eventual outcome will be favorable. Naturally, we will make every effort to expedite the review of your revised work.
*PLEASE NOTE* As part of the EMBO Publications transparent editorial process initiative (see http://www.nature.com/msb/journal/v6/n1/full/msb201072.html), Molecular Systems Biology now publishes online a Review Process File with each accepted manuscript. Please be aware that in the event of acceptance, your cover letter/point-by-point document will be included as part of this file, which will be available to the scientific community. Authors may opt out of the transparent process at any stage prior to publication (contact us at msb@embo.org). More information about this initiative is available in our Instructions to Authors.
Yours sincerely, Editor Molecular Systems Biology
Referee reports: ------------------------------------------------------------------------------------------------------------------------
Reviewer #3 (Remarks to the Author):
This was already an interesting paper, and the revisions have improved it substantially. I particularly like the addition of random skewers to judge the similarity of matrices.
I do have one criticism,and that is of the interpretation of what happens to the length of a 'skewer'. I do not see that whether the result vector is greater in length or not as having any significance. This is primariy going to be a function of the magnitude of the diagonal elements. Since these are set to 1 in a correlation matrix, it is obvious that they will not change length when multiplied by a corr matrix. For covariance matrices, the magnitude of the diagonals can be scaled by multiplication by a constant, and so could be rescaled to increase or decrease the length of the skewer with no change in biology. I think the relative length of the product vectors in two matrices can be meaningful, but not the raw length.
Reviewer #4 (Remarks to the Author):
The paper investigates a very important open problem that is relevant for many researchers studying variation in molecular biology. The manuscript provides an important dataset, which applies a sophisticated unique experimental design to dissect variation across environments and genetic backgrounds. The authors use an advanced suitable statistical Bayesian-based approach to investigate variation. This approach has been recently published elsewhere by the same authors and is not a novelty of the current study. The biological results of the analysis, if correct, are original and have a major effect on the study of variation in regulatory circuits. Yet, I'm concerned regarding the robustness and validity of these results. Further, it is very hard to read and follow the manuscript. See detailed comments below.
Robustness of comparison between matrices.
-----------------------------------------The paper presents several statistical tests that involve the comparison between calculated covariance matrices (or other comparisons). For example, the comparison between the environmental vs. genetic matrices, or the comparison of correlation matrices among populations. These comparisons provide the main biological results of the paper and therefore evaluation of robustness is critical. The paper indeed applies a permutation test at each step of the Markov chain, but, this test mainly provides a conservative estimation of matrix parameters, without a direct evaluation of a comparison among matrices. Therefore, in addition to the current permutation test, the authors may apply two additional tests: 1. Verify the H0 hypotheses based on permutation of data: It is possible to permute data and then recalculate parameters and test statistics. Based on H0, the test statistic should be insignificant. For example, I would expect that the environmental and genetic matrices will *not* be distinct when calculated on permuted data (i.e., the Mantel test should output insignificant results). It is an advantage to test several permutation procedures, such as permuting values within each environment independently, or in each population independently. This process may highlight and specify the major confounding effects (if exist). 2. Verify the robustness of comparisons: Apply a bootstrap-based evaluation of robustness (repeat the process with a subset of dataset).
Presentation of paper.
-------------------------The manuscript includes many partly intuitive but not well defined explanations of the methods. On the one hand, there are genetics professional terms that cannot be understood by the broad MSB community. On the other hand, there is a lack of formal presentation of the analysis. In my view, the most critical terms should be explained and clearly formulated in the main manuscript (including formal equations and maybe even graphical presentation), but how these statistics are calculated can be moved to Methods and Supplements. This way, the reader knows *what* is calculated and *why* but the explanation of *how*, which typically includes the most professional terms, is separated and deferred to Methods and Supplements.
